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The genome of Leishmania donovani AG83, a virulent strain causing kala-azar, was resolved into 29
chromosomal bands by pulsed field gel electrophoresis (pFGE) under standardized conditions. Comparison
of the karyotype with those of other strains and species revealed variations. By Southern hybridization,
specific genes were localized to individual chromosomes. Twenty-two copies of P-tubulin genes are located
on band 27 (1.63 Mb); minor copies are present in band 16 (850 kb) and band 9 (650 kb). A P-tubulin
related nontranscribed locus was isolated from a genomic library and shown to contain repetitive sequences
hybridizing throughout the genome. Single chromosomes contain multicopy clusters of gp63 and rnini-
exon-derived RNA genes, but interspecific variations were observed in each case. The results emphasize the
importance of using a standard reference strain of Leishmania donovani for coordinated genome mapping
of this clinically important organism.

1. Introduction

The digenetic life cycle of the protozoan parasite Leish-
mania donovani, the causative agent of kala-azar, is
characterized by the lack of a recognizable sexual stage
and an unusual' cell cycle in which mitosis proceeds
without chromosome condensation or nuclear membrane
dissolution. These factors preclude the application of
classical genetic and karyotype analyses to the organism.
The situation is aggravated by the lack of a sufficient
number of mutants and genetic polymorphism (also termed
'genome plasticity') leading to variations within and
between Leishmania species. Yet, in view of the obvious
clinical importance of this human pathogen, a genetic
approach to the problems of virulence, transmission, drug
resistance and other phenomena, is highly desirable.

Over the last decade, progress has been made towards
molecular karyotyping of Leishmania species through
resolution of chromosomes by pulsed-field gel electro-
phoresis (PFGE; van der Pleog et al 1984; Pages et al
1989; Spithill and Samaras 1987; Das and Adhya 1990).
Most of the work has been carried out on one particular

strain of L. major, an Old World species that causes
cutaneous leishmaniasis, and a WHO-sponsored genome
mapping project on this organism is underway in Europe
(Ivens and Blackwell 1996). PFGE-mapping has also
been reported for L. infantum, a viscerotropic species
which causes infantile kala-azar in the Mediterranean
(Wincker et at 1996). Although it has been argued that
the genome map of one strain would be applicable to
another (Ivens and Blackwell 1996), there is little evidence
to substantiate this claim. Indeed, it is known that
differences in gene copy number and organization differ
between L. donovani, L. major and other species. More-
over, it is difficult to reconcile the great differences in
clinical symptoms caused by the different species with
an identical genotype. For these reasons, it is necessary
to develop a ,genome map of a well-characterized virulent
Indian strain of L. donovani which will be useful to
identify the genetic determinants for the unique features
of Indian kala-azar.

We report here the molecular karyotype of an Indian
strain of L. donovani which is being extensively used
for genetic, biochemical and immunological studies. By

Keywords. Leishmania donovani; karyotype; pulse field gel electrophoresis; gene localization

J. 

Biosci., 23, No.3, September 1998, pp 247-254. @ Indian Academy of Sciences 247



248 Siddhartha Sankar Ghosh, Sandeep Mukerjee and Samit Adhya

hybridization with specific probes, several multicopy
nuclear genes were localized to individual chromosomal
bands. Comparisons were also made with other species
and strains, confirming the existence of genetic
polymorphism.

Tris-borate, 1 roM EDTA) buffer containing 10 mM
phenyl methyl sulphonyl fluoride (PMSF) after extensive
washing with 0.5X TBE.

2.3 In situ restriction of chromosomal DNA

For in situ EcoRI digestion, a half portion of a DNA
blo,ck was pre-equilibrated with EcoRI buffer (50 mM
Tris-HCl, pH 7.5, 10mM MgCI2, 0-1 M NaCI, 1 mM
dithiothreitol) for 20 min on ice. The buffer was replaced
by fresh EcoRI buffer (200 ~l) containing 100 ~g/ml
acetylated BSA and 10-20 units of EcoRI enzyme were
added. The blocks were incubated at 37°C overnight,
washed thoroughly with 0-5X TBE and stored at 40 inthe 

presence of 0.5X TBE containing 10 mM PMSF.

2. 

Materials and methods

2.

Cultivation of parasites

The Leishmania strains used in the present study are
shown in table 1. Promastigotes were revived from liquid
nitrogen storage by cultivation on biphasic blood-agar
slants (Das and Adhya 1990) in 5 ml screw-cap vials
containing 0.2-0.5 ml overlay of Schneider's Drosophila
medium supplemented with 20% fetal calf serum at 22°C
for 3-4 h. The strains were serially adapted on Schneider's
and M199 media containing 10% fetal calf serum. Parasite
cultures were routinely maintained in M199 medium.

2.4 Run conditions for pulsed field gel
electrophoresis

Prior to PFGE, a half portion of a DNA block was
embedded inside each well of a .I % agarose gel. The
gel was run in a Pulsaphor apparatus (LKB) in O.5X
TBE buffer at 15°. The buffer of .the gel chamber was
circulated continuously and the temperature was com-
pensated by lowering the set temperature of the circulator
to 8°. For resolution of a wide range of chromosoma1
sizes, pulse times, voltage settings and run times were
adjusted as. shown in table 2.

2.2 Preparation of agarose blocks

To prepare agarose blocks of parasites, about 100 ml of
log-phase promastigote culture (107 cells/ml) was centri-
fuged at 500 g for 10 min to pellet down the cells. The
pellet was washed with ice-cold phosphate-buffered saline
(pH 7.0) 3-4 times, then suspended in 250 ~I SE buffer
(75 rnM NaCl, 25 rnM EDTA, pH 8.0) at a concentration
of 108 cells/mI. To the cell suspension, 250 ~l of 1%
low-melting agarose at 450 was added, mixed quickly
and thoroughly and poured into 5 wells in a block-former
(Pharmacia) so that the number of parasites was about
2 x 107 per block. The block-former was placed on ice
for 1 h to solidify the agarose. Then the immobilized
cells were lysed in situ by incubating each block in
500 ~I of ES buffer (0.5 M EDTA, pH 9.5, 1% sarcosyl)
containing 0.5 mg proteinase K at 500 for 48 h. Finally,
the DNA blocks were stored at 40 in 0.5X TBE (45 mM

2.5 DNA probes

DNA probes were prepared by restriction digestion ofthe 
respective plasmid DNAs and gel elution of the

insert fragments. Probes were labelled by the randompriming 
method (Feinberg and Vogelstein 1983) with

[a-32p] TTP. A 0.5 kb P-tubulin coding probe rPT (5')]
was obtained by double digestion of the genomic clonep{3T-l 

(Das and Adhya 1990) with XhoI and HindIII.
A 0.45 kb {3T (3') probe from the P-tubulin 3'-untranslated
region was obtained by Bamill digestion of clone p{3Tl
(Das and Adhya 1990). A 0.5 kb mini-exon derived RNA
(med RNA) gene probe was obtained by double digestion
of clone pMEl (Hassan et al 1992) with EcoRI and
HindIII. A 0.39 kb gp63 coding probe was obtained by
Bamill digestion of a PCR clone spanning positions

Table 1. Leishmania strains.

Strain Year Place

Bihar, India
Bihar, India
Bihar, India
Bihar, India
Bihar, India

Ethiopia
Bihar, India

Spain

Source

1
1
2
2
2
3
2
3

Species

L. donovaniL. 
donovani

L. donovani
L. donovani
L. donovani
L. donovani
L. tropica
L. infantum

DD8
AG83
GEt
GE2
GE6
LV9
UR6
Spanish
isolate

1980
1983
1989
1989
1989
1967
1976
not

known

Table 2. Run conditions for PFGE separation of L.
donovani chromosoqles.

Pulsetime 

(~)
Range of

separation (kb)

300-700
300-1000
900-2000

1000-> 2000

Run time
(h)

48
48
72

164

Voltage

1. Dr D A Evans, Department of Medical Protozoology, London
School of Hygiene and Tropical Medicine, London.2. 

Strain Bank, Indian Institute of Chemical Biology, Calcutta.3. 
Dr D Sacks, National Institutes of Health, Bethesda, Maryland,USA. .

80
100
300
900

150
150
100
50
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527-919 of the gp63 gene (Webb et at 1991). Two
additional probes, a 2.9 kb EcoRI and a 0.8 kb HindIII/
XhoI double digested fragment, were obtained from a
genomic Lambda Dash II clone, ;"c4, containing jJ-tubulin
cross-hybridizing sequences (see below).

2.9 Construction and screening of genomic library

A genomic library of L. donovani strain AG83 DNA
was constructed in Lambda Dash II vector (Stratagene).
This vector, has the advantage of spi- selection of
recombinants on Escherichia coli strain MRA(P2). Vector
DNA was double digested with BamHI and XhoI
restriction enzymes and the polylinker was removed by
alcohol precipitation of the digested arms at low salt
concentration. The vector arms were then ligated with
gel eluted 9-23 kb Sau3A I genomic DNA fragments of
L. donovani strain AG83. The ligated material was
packaged with Gigapack II packaging extract (Stratagene)
and recombinants were selected by plating on E. coli
strain MRA(P2). A positive Lambda clone (A.c4) of
13.1 kb was identified by plaque hybridization with a
P-tubulin coding probe at low stringency. Hybridization
was in 5X SSC at 50°C, with the final wash in O.IX
SSC, at room temperature. Subsequently, 2.9 kb EcoRI
and 0.8 kb HindIII/XhoI fragments from this clone were
subcloned into pBluescript SK(+) plasmid vector.

2.6 Southern blotting


